The automatic target detection under natural backgrounds is an important topic in the field of automatic target recognition. Fractal dimension is generally related to the roughness of the surface. The fractal dimension of the man-made object is usually lower than the background's because mostly it is smoother than natural background. This feature can be used to detect the target automatically. In the computing of the fractal dimension, the irregular values often appear at the boundary of the different textures in the image. This phenomenon can be called 'edge effect'. It may result in the difficulty in the followed image processing such as thresholding and cluster segmentation. The main reason of the edge effect is the same contribution of the every pixel in the neighborhood of the pixel where the fractal dimension being calculated. In this paper, in order to weaken the 'edge effect' in the fractal dimension computation, a 2-D Parzon window is designed. The accuracy of fractal dimension calculated after multiplied by the Parzon window is discussed, and a new algorithm is proposed to apply in the automatic target detection. The proposed automatic target detection algorithm is adopted in the experiments in images under complex land or sea backgrounds. The correctly detection rate is above 95%. The robust of this algorithm is represented in the cases of the variety of the light, rotation, size changing and occlusion of the target.
INTRODUCTION
The automatic target detection under natural backgrounds is an important topic in the field of automatic target recognition (ATR). The accuracy of detection plays an important role in the next steps of recognition and tracking of targets. The fractal geometry is suitable to describe the feature of irregular nature image owing to the fact that fractal theory has been studied in the field of image processing and has achieved success in many areas in the past several years.
It has been shown that the fractal dimension has a strong correlation with human judgment of surface roughness 1 . The existing target detection and image segmentation methods include fractal coding 2 , local fractal dimension 3, 4 , lacunatity feature 5 , directional fractal dimension 6, 7 , extended fractal analysis 8 , multifractal analysis 9, 10 and others such as combining with wavelet and neural network etc. The fractal dimension of the man-made object is usually lower than the background's because mostly it is smoother than natural background. This feature can be used to detect the target automatically.
In this paper, in order to weaken the 'edge effect' in the fractal dimension computation, a 2-D Parzon window is designed. The accuracy of fractal dimension calculated after multiplied by the Parzon window is discussed, and a new algorithm is proposed to apply in the automatic target detection with robustly effective results indicated by experiments. and potentially more accurate computationally 11 . The algorithm in detail is shown as follows.
1) The real-space image is Fourier transformed by means of an FFT (fast Fourier transform) and the power spectrum i P is computed, 2 2 ) Im( ) Re(
, where k is frequency.
2) Based on the feature of fractal surface, given a two dimensional power spectrum,
, where
, k x and k y denote the position of the pixels in an image, c is a constant, the parameter
and D is the fractal dimension.
3) From the step 2, can obtain
Using the least squares approximation, a straight line can be gotten from the data pair of the power spectrum and the frequency k. the slope of the straight line is the value of the parameter β − .
2-D PARZON WINDOW
In the computing of the fractal dimension, the irregular values often appear at the boundary of the different textures in the image. We called this phenomenon as 'edge effect'. For example, an origin image is shown in figure 4 (a) that is a moving ship with waves under the background of sea and sky. Figure 4 b) is the fractal dimension map of the origin image. It can be shown that some irregular pixels appear near the boundary of the sky and sea in the fractal dimension map. This edge effect phenomenon may result in difficulties in the followed image processing such as thresholding and cluster for segmentation. The main reason of the edge effect is the same contribution of the every pixel in the neighborhood of the pixel where the fractal dimension being calculated.
In order to solve this question, before the FFT of the real-image, a 2-D Parzon window is designed and the original image data is multiplied by it. With the addition of the Parzon window, the edge effect could be largely weaken in the fractal dimension computation. figure 2 it can be shown that the less the FD's value, the smoother the surface. Secondly, we calculate the fractal dimension using the traditional power spectrum method stated in section 2. Thirdly, the original image is multiplied by the Parzon window, then compute the fractal dimension. We simulate the fractal image with the fractal dimension varieties from 2.0 to 3.0 by step 0.1. In each fractal dimension, we repeat these three steps for 100 times to depress the chanciness. The fractal dimension obtained is the mean of the 100 times computation respectively. The computation results is shown in table 1 and simulated in figure 3. By the analysis of the data in table 1, we can conclude the fractal dimension calculated after multiplied by the Parzon window is less than the traditional method without Parzon window by 2%. This is not important to the image processing process using fractal feature.
Applying the Parzon window to the fractal dimension computation can help to weaken the "edge effect" phenomenon. It can be shown in figure 4 . figure 4 c) is the fractal dimension map with multiply of the Parzon window. It can be seen that the 'edge effect' become weaker compared to the figure 4 b). 
AUTOMATIC TARGET DETECTION METHOD
According to the Parzon window and the power spectrum method to compute fractal dimension discussed above, a new algorithm is proposed for automatic detection of artificial object under the natural background. The detailed steps of the algorithm are as follows.
Step 1: After multiplied by the Parzon window to the neighborhood of every pixel in the original image I O , compute every pixel's fractal dimension to obtain the fractal dimension map I D of I O .
Step 2: The binary image I B can be obtained by the auto-thresholding method. The threshold selection method based on the prior knowledge of the target's size. Suppose the ratio of the target's size to the whole image is r, we can select the pixels which gray value is the least in the image I D until the ratio of these pixels' number to the whole image's is not less than r and let these value equal 0 and others equal 1.
Step 3: In the binary image I B obtained in the second step, we select an M×M window and move it all over the image, count the number of the pixels which gray value equal 0 in every window. At last, we can confirm the position of the target where the parameter is maximum.
EXPERIMENT RESULTS
The proposed automatic target detection method is adopted in the experiments in more than 200 frames of images under land or sea backgrounds. The ground target in the image is a car, the background are roads, grasses and trees. In the sea backgrounds images with target of ship in a long-distance, the backgrounds are clouds and waves. The correctly detection rate is above 95%. The robust of this algorithm is represented in the cases of the variety of the light, rotation, size changing and occlusion of the target. The detection results of three kinds of origin images are shown in figure 5 . figure 5-1 is the long distance ship on the sea. Figure 5 -2 is the moving ship target with long waves on the sea and figure 5-3 is the moving car behind the tree on the ground. Figure 5 -a is the origin image. Figure 5 -b is the fractal dimension map with Parzon window stated in section 3. Figure 5 -c is the binary image by auto-thresholding method. Figure 5 -D is the detection result of the origin image.
CONCLUSIONS AND DISCUSSES
From the experiments it is shown that the target detection using the Parzon window and power spectrum method can keep stability and universal adaptability quite well in the target detection of the images under complex backgrounds. In the experiments above, the prior knowledge of the target's size is needed. In the process of multiplying by the Parzon window and calculating the fractal dimension by the power spectrum method, the window size's selection takes an important role in the detection task. If the window's size is too small or too large compared to the target's, the fractal dimension map cannot reflect the difference between the target and the background. Figure 6 shows the experiment results of the computed fractal dimension maps with N*N window of the same origin image. The target's size is approximately 30*30 in the origin image and the selection of N's value is 8,16,32,64 respectively. It is shown that the fractal dimension map performs excellently when the window's size equals 32. So the correctly detection rate is partly depend on the scale assumption and the study on the detection method being independent of the size of the target is the next work we want to do. . Different maps of the same image using different scales window to compute fractal dimension.
